EXCITON MIGRATION AND LOCALISATION IN PURE INORGANIC SOLIDS
It i s not easy t o devise experiments which w i l l measure r a t e s of resonant energy t r a n s p o r t i n pure inorganic s o l i d s , and d i s t i n g u i s h between t h e migration and capture processes [ I] . W e have taken two approaches t o t h i s problem which a r e unusual i n t h a t they e x p l o i t i s o t o p i c e f f e c t s i n t h e s e materials.
In t h e f i r s t case we use i s o t o p i c s u b s t i t u t i o n i n a mode which i s so weakly coupled t o t h e e l e c t r o n i c t r a n s i t i o n , t h a t t h e i s o t o p e s h i f t i n t h e pure exciton energy i s small compared with t h e e x c i t o n i c coupling, and use t h e emission p r o p e r t i e s t o c h a r a c t e r i s e t h e energy t r a n s f e r rate.
In t h e second case we c h a r a c t e r i s e t h e trapping process, by studying t h e p r o p e r t i e s of analagous 'anti-traps'.
W e a r e a b l e t o show t h a t , a t r a t h e r low temperatures t r a n s p o r t over t h e ' l i p ' of t h e t r a p i s r a t e determining, and t h a t t h e presence of biexciton a n n i h i l a t i o n a t 0.4K, implies a delocalised exciton i n t h e bulk material.
In s i n g l e c r y s t a l s of C S U O~( N O~)~, both t h e absorption and emission spectrum show f e a t u r e s associated with t h e i n t e r n a l modes of t h e n i t r a t e ions.
n r e e of t h e s e i o n s a c t a s b i d e n t a t e ligands, occupying t h e e q u a t o r i a l region surrounding t h e l i n e a r ~0~~' ion. These modes show l a r g e i s o t o p e s h i f t s on nitrogen-15 s u b s t i t u t i o n but t h e d i f f e r e n c e i n t h e i r frequency i n t h e ground and e x c i t e d s t a t e s i s such t h a t t h e d i f f e r e n c e i n zero-point v i b r a t i o n a l energy i n <0.1cm-l.
There a r e two symmetry-related molecules per u n i t c e l l , and t h e p o l a r i s a t i o n i n absorption can be used t o a s s e s s t h e magnitude of t h e Davydov coupling. This measurement must be c a r e f u l l y analysed because t h e e f f e c t of inhomogenous broadening i s t o amplify t h e apparent Davydov s p l i t t i n g [2] .
W e f i n d ~=0. t h e i s o t o p e s h i f t t h e time resolved emission (Figure 1 ) shows a t r a n s f e r r a t e constant of loss-'. W e i n t e r p r e t t h i s t o mean t h a t t h e much l a r g e r s p e c t r a l 
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inhomogeneity (~~2 c m -l ) is manifest a s d i s o r d e r with a range which i s comparable t o t h e intermolecular spacing. This disorder e f f e c t i v e l y l o c a l i s e s t h e exciton, and may be a consequence of t h e scope f o r small deviations i n t h e n i t r a t e geometry. -17 [3] .
'Ihese r e s u l t s give a trapping r a t e a t absolute zero given by where AElp i s t h e energy defect expressed i n wavenumbers.
A t higher temperatures t h e r a t e i s controlled by a two-phonon, one-site, Raman process with a r a t e given by where P is a constant incorporating the electron-phonon coupling, and Y(w,b,T) d e s c r i b e s t h e temperature dependence a t t r i b u t a b l e t o a n i n t e g r a t i o n over t h e d e n s i t y of s t a t e s , i n t h e Debye approximation, of two phonons d i f f e r i n g i n frequency by b. Using t h e s e expressions i t i s possible t o compute a s e t of expected r a t e constants f o r any temperature and any energy d e f e c t f o r non-resonant processes i n t h i s m a t e r i a l ( Figure 2 ). Figure 2 . Non-resonant t r a n s f e r r a t e s i n Cs2U02C14, a s a f u n c t i o n of energy d e f e c t and temperature.
W e have investigated t h e r a t e of trapping i n c r y s t a l s containing small conc e n t r a t i o n s of bromide ion. This t r a p i s e a s i l y observed spectroscpically and i s 30cm-' deep [4] .
I h e primary trapping r a t e can be assessed d i r e c t l y because t h e ' l i p ' s t i e s a r e s p e c t r a l l y resolved, having a t y p i c a l depth of 3cm-ye There i s considerable anisotropy i n t h e trapping process a s shown by t h e time-resolved e x c i t a t i o n spectrum of t r a p emission i n t h e region where t h e ' l i p ' s i t e s absorb (Figure 3) . Ihe f a s t e s t r a t e i s 1.5 x lo6 s", a t 5K which i s c o n s i s t e n t with t h e r a t e expected from Figure 2 f o r t h i s t r a p depth.Moreover t h e r a t e of trapping above 5K from t h e bulk i s c o n s i s t e n t with rapid migration t o t h e t r a p s i t e s , followed by a r a t e determining capture.
Below 5K Figure 2 p r e d i c t s t h a t i f t h e 30cm-' trapping process i s r a t e determining t h e r a t e should s t a y e f f e c t i v e l y constant with temperature.
I n f a c t t h e trapping r a t e f a l l s by over an order of magnitude i n t h e range between 1.2K and 0.4K, and shows increasing deviation from exponential decay.
These lowtemperature d a t a a r e included i n Figure 2 where t h e extrapolation t o zero temperature suggests a r a t e determining s t e p of t h e order of 5cm-l. l h i s i s c l o s e t o t h e 3 . 9~~' i n t e r v a l which describes t h e depth of the*"lipW s i t e .
To summarize, t h e d a t a i s c o n s i s t e n t with f a s t resonant bulk migration followed by a r a t e determining s t e p which, above 5K, i s t h e primary capture a t t h e t r a p , but below 5K i s t h e t r a n s f e r t o t h e l i p s i t e .
In support of t h e hypothesis t h a t resonant migration i s s t i l l r a p i d a t 0.4K, Figure 4 shows t h a t biexciton a n n i h i l a t i o n i s s t i l l s i g n i f i c a n t a t t h i s temperature.
Because t h e s p e c t r a l inhomogeneity is l e s s than 0*3cm-', the 'resonant' process cannot proceed by a s e r i e s of non-resonant s t e p s with r a t e s predicted by Fig. 2 and we i n f e r t h a t t h e e x c i t a t i o n i s delocalised, d e s p i t e our conclusion t h a t i n t h i s m a t e r i a l ~--0.02cm-~ [3] . Effect of l a s e r i n t e n s i t y on decay of Cs2U02C1,, emission a t 0.4K.
